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INTRODUCTION
Traumatic brain injury (TBI) results in significant long-term disability (a significant socioeconomic burden). 1 Besides the primary insult-caused local neuronal damage TBI secondarily causes a progressive cascade of related events that contribute to neuronal damage including ischemia, brain edema, excitotoxicity, oxidative stress, and dysregulation of calcium homeostasis. 2, 3 Additionally, neuronal loss after TBI is typically observed at the frontal and temporal poles, and in the orbital frontal lobes and the cortex above the sylvian fissure. 4 The hippocampus is known to be damaged frequently in human beings, with neuronal loss in greater than 80% of fatal TBI.
5,6
Continual neurogenesis in the adult human hippocampus 7 12 However, it is unknown whether brain cooling-stimulated angiogenesis and neurogenesis attenuates TBI.
To deal with the problem, in the present study, brain cooling (infusing cold saline via the jugular vein) was random immediately after TBI in rats, and the effects on 
MATERIALS AND METHODS
Animals
Adult male Sprague-Dawley rats weighing 298 to 355 g were used in these experiments. Animals were kept under 12-h /12-h cycle and allowed free access to food and water. All experimental procedures conformed to the instructions of National Science Council of Republic of China and were approved by the Chi Mei Medical Center Animal Care and Use Committee to minimize discomfort to the animals during surgery and in the recovery period. The animals were randomly assigned to the sham group, TBI brain normothermia group, or TBI brain cooling group. All the tests were blinded, and the animal codes were revealed only at the end of the behavioral and histological analyses.
In the TBI normothermia or brain cooling group, 37 o C or 4 o C saline (1.7 mL/ 100 g body weight) via the external jugular vein in a (cranial direction) was offered immediately after surgery. [5] [6] [7] [8] In the histological or behavioral studies, food and water throughout the study were provided spontaneously.
Fluid Percussion Injury (FPI)
The animals were anesthetized with sodium pentobarbital (25 
Experimental Procedures
In Experiment 1, effects of intravenously infusing 37 
Inclined Plane
The inclined plane was to measure limb strength. The animals were placed, facing . 16 Here lifting the frontal half of the animal and one hind limb off the ground was tested for it to stand on just one limb and be moved laterally, which normally evoked a prompt hopping with the weight-hearing limb in the direction of movement to prevent the animal from falling. For the prevention a predominant proprioceptive block delayed hopping followed by greater lateral hops, opposed to a predominant motor block which would cause a prompt but weaker-than-normal response. For the full blockade, the would be no hopping. 17 
Cerebral infarction assay
The triphenyltetrazolium chloride (TTC) staining followed those described elsewhere. 
18
TUNEL Assay
The TUNEL assay was using the same brain sections histochemically. The color was developed using 3,3-diamino-benzidine tetrachloride (DAB). The sections were sequently: xylene-and ethanol-treated for paraffin removal and for dehydration; 
Bromodeoxyuridine Labeling
To evaluate the proliferation of cells, 5-bromodeoxyuridine (BrdU) (Roche Diagnostics, Indianapolis, USA; 50 mg/kg) dissolved in PBS were administered intraperitoneally once daily for 3 days after FPI. The rats were sacrificed 3 days later. 
Immunohistochemistry
Statistical Analysis
The data were presented: mean ± s. 
RESULTS
Brain Cooling Reduced Brain Temperature but not Core Temperature
Brain temperature in brain cooling-treated rats was significantly lower at 5-30 min after the start of FPI than in the 37 o C saline-treated FPI controls. As in Fig. 1 
Brain Cooling Improved Motor and Proprioceptive Function after FPI
At 3 days after FPI in behavioral tests, the 37 o C saline-treated FPI rats had significantly lower performance in both motor and proprioceptive function than the sham-operated controls ( Table 1 ). The FPI-induced motor and proprioceptive dysfunction could be significantly brain cooling (4 o C saline infusion-induced)-reduced significantly.
Brain Cooling Decreased Infarct Area after FPI
In the TTC-stained sections at 3 days after FPI, the infarcted area of the brain cooling (4 o C saline infusion-induced)-treated FPI group was significantly decreased (Table 1 ; Fig. 2 ). The cortical and hippocampal infarction areas were distinctly smaller in the brain cooling-treated rats than in the 37 o C saline-treated ones.
Brain Cooling Decreased both Neuronal and Glial Apoptosis after FPI
The TUNEL plus NeuN-stained, TUNEL plus GFAP-stained and caspase-3-stained sections at 3 days after FPI, the positive cells in the ischemic cortex compared with those of sham controls were significantly increased ( Table 1 ). The FPI-induced increased numbers of these cells in the ischemic cortex were brain cooling (4 o C saline infusion-induced)-reduced significantly (Table 1) .
Brain Cooling Promoted Neurogenesis after FPI
In the perischemic area, NeuN-positive ( (Table 1 ).
Brain Cooling Promoted Angiogenesis after FPI
In the perischemic area, BrdU-positive endothelial and VEGF-positive cells increased in the brain cooling (4 o C saline infusion-induced) treated group (P<0.05) compared with the 37 o C saline-treated group at 3 days after FPI (Table 1 ).
Brain Cooling Attenuated Brain Gliosis after FPI
The GFAP- (Fig.4-a) and Iba1-positive cells (Fig. 4-b) in the ischemic brains of the 37 o C saline-treated FPI group were significantly increased compared with the sham controls at 3 days after FPI (Table 1) . Again, the increase in GFAP-and iba1-positive cells in the ischemic cortex of 37 o C saline-treated FPI rats was significantly brain cooling-decreased (Table 1 ). indicate that TBI-related oxidative stress can be reduced by whole body cooling therapy. For example, the increased levels of free fatty acids in cerebrospinal fluids from patients with TBI could be reduced by whole body cooling. 35 Therapeutic hypothermia preserved antioxidant defenses after severe TBI in rats, 36 infants and children. 37 Indeed, in our unpublished data (Kuo, Chang, Chio, Lin, and Lin), brain cooling, like whole body cooling, significantly attenuated the TBI-induced cerebral oxidative damage in rats. 
DISCUSSION
